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Rail Vehicle Suspension Agenda

* 3 Primary Suspension Modes
— Lateral, vertical, yaw/warp

* Freight Cars
— Springs and friction dampers
— Yaw mode and truck warp
* Passenger/Transit Cars
— Springs and dampers
— Lateral suspensions

e Locomotives

WRI 2017
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Primary Role of Suspension

1. Absorb vertical and lateral road shocks from
perturbations in the track. Springs are used to slow
down the accelerations over time, and store the
energy.

e 2. Dissipate the energy stored in the springs to
prevent it from amplifying the motions of the road
shocks and returning the energy back to the car.
Dampers are used to dissipate the energy.
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Energy Storage in a Spring

x=0
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Typical Motion Response of

an Undamped Spring

x= A cos ol

Displacement

Velocity

- Acceleration

L
1
/ I
2
a=-m*A cos ot
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Motion Response of a Damped Spring
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Vehicle Suspension Elements -
3 Principal Modes

* Vertical Suspension
e Lateral Suspension
* Yaw/Warp Suspension

WRI 2017
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Vertical Suspension

* Freight Cars

— Secondary suspension springs between truck frame and bolster

— Friction snubbers between frame and bolster

— No Primary suspension
e Passenger/Transit Cars

— Primary suspension between wheelset and frame

— Secondary suspension between frame and bolster, or frame and body
* Locomotives

— Primary and secondary elements
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Major Bodies
Freight Cars

Truck

0 Primary Suspension
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Spring: An Energy
Storage Device
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Damper: Dissipates Energy
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Springs and Dampers
Working in Parallel
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Major Bodies
Passenger
Vehicles

' | \Bolster
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carbody
wivels on truck
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Secondary suspension supports

) Truck frame - holds wheels in place

: ‘A Primary suspension - lets wheel
| sets move up/down in frame
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Major Bodies
Passenger

Vehicles

Secondary suspension supports
carbody

Bolster
N\

Truck frame - holds wheels in place

Primary suspension - lets wheel
sets move up/down in frame
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The Standard 3-Piece Truck: ©

A long history of design improvements

SR
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BOLSTER——._ ) - |

SIDE FRAME

ROLLER BEARING

BRAKE BEAM

AXLE—~ ___ BEARING ADAPTER
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- SIDE BEARING
SIDE BEARING /  CAGE
UNIT GUIDE ROLLER - !
BRAKE BEAM [
WEAR LINER — f / —— BOLSTER BOWL
A |- / WEARLINER
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COLUMN
WEAR PLATE -

Wheels
force-iit on
raised-seat axle
50 ton 33"
701on° 33"

100 ton: 36"
12510n 38"
FRICTION WEDGE

BOLSTER POCKET S S S
WEAR PLATE —/// /

LOAD SPRINGS— /'
SIDE SPRINGS— /]

/

BRAKE SHOE KEY—

Spring group:
D-3 22" travel
D-4. 3" " travel

D-5: 3" 6" travel BRAKE SHOE
D-7: 44" travel

o

SIDE FRAME KEY

T___SHEAR PAD
Wheelbase:
501ton: 5 6"

"

Rotating-end-cap roller bearing
50ton: 5%" x 10"—177,000 Ib. on rail max.*

7010n. 6" x 11"—220,000 I5 on rail max * :gf;?'o‘ﬁ?:'a'a;O'
100 ton. 6'2" x 12"—263,000 Ib on rail max.* 125 lonl 60"

12510n: 7" x 12°—315,000 Ib on rail max *
‘for 4-axle car
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SLOP
SURFACE

SLOPE

Bolster and e
Sideframe ~ e
Interface Area

1. RIDE CONTROL SPRINGS
2. FRICTION SHOES
3. INCLINED SLOPES
4. SIDE FRAME FRICTION PLATES

18
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PRINCIPLES COURSE

COLUMN LOAD
AT SHOE FACE7

~BOLSTER
/ SLOPE |

COLUMN—.
FRICTION
PLATE

/CONTROL SPRING |

FORCE

Rdllway Consu
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Nominal Wedge Position above top of Bolster

Y —

|

f

Y

/

Y
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Wear occurs on these
4 surfaces
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Wedge rise above top of bolster due to wear”

-
~

LY
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AAR Rule 46 (2007)

* Developed to address both friction casting front
face wear, and total friction casting rise above top
of bolster. Rules applicable when:

— At any time of inspection
— When car is on repair track

* Rule 46 also addresses gib wear, centerbowl
clearance, and column plate wear

24
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Common Friction Casting 25
(Wedge) Designs

r/I/J/—/-'//////II

(] AR
R R R R T T LY

N
N

RIDE CONTROL BARBER S-2
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Worn Out Friction Castings (Wedges)
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Ride Control Design z

AAR Rule 46 - Truck System Performance

A. Wear Limits, Gaging, Cause for Renewal
2. Condemnable When Car is on Repair Track for Any Reason
FIGURE A-1

RIDE CONTROL AND SUPER SERVICE RIDE CONTROL TRUCK

>1 13/16” (~1 %)
Condemnable Per

‘\ Rule 46

FRICTION PLATE

LIMIT OF WEAR GAUGE

N —
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Barber Design a
AAR Rule 46 - Truck System Performance

BOINT *x* POINT “X* (ON BOSLTER)
/ SHOULDER (ON CASTING)

/ | SHOULDER (ON CASTING)|

, = |
(N Al " /

I T ')

; T APPLICATION PROCEDURE
[

] [ IF GAGE DOES NOT CONTACT BOLSTER
— AT POINT "X" WHILE RESTING UPON
> %,” Generally Condemnable BOTH FRICTION CASTINGS SHOULDERS.
REPAIR IS INDICATED.
Per Rule 46 (Check Rule for
exceptions!) _FIGUREB-1
BARBER STABILIZED TRUCK

RALL 2 $-2-A. $-2-B. $-2-C. §-2-D. S-2-HD. $-2-HD-9C. $-2-E

PRINCIPLES COURSE * JUNE 6, 2017 WULF WRI2017
Railway Consulting




Barber Variable Damped Trucks - Allowable Wedge Rise AAR Rule 46

29

Stabilizer Wear Gage Table

@ = (® .
Gage Bean’ng@ AAR Iron Split Lo AR
No Size s Wedge Wedge s s
’ Travel R g Wedge Wedge
6x 11 D3 609D | 955SW | 9131G :
678-C
678-8@
6x11 D4orD5 [ % | 9258w | 8884G 911-PC
787-8®
SK-1546-1 [ e x 12 D-3 609D | 955SW | 913G - 3/4
876 905-SW
B e 612x 12 D5 834-CB | 915SW ggtg gfg;%
917-C | 945SW
C arefu | I 6112 x 12 D7 876 905SW | 8771G 921-PC
SK-15462 | 612x12 888G 911- 1”2
SK-15463 | 6x11@ D4 675-C - - 92pPc | 11/4
SK-1546-4 7x12 | D5orD6 | 834cB | 9155w | 95046 916PC | 12
Py SK-1546-5 7x12 | D3orD4 | 762C 2 : = 1/4
/' PRIN | sK-15466 7x12 D5 762-C < s 2 3/4 WR| 2017




787-C Wedge
2” Wedge Rise

PRINCIPLES cdi
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Barber Gage

PRINCIPLES COURSE ®* JUNE 6, 2017

WOLF

Ride Control Gage

Railway Consulting
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A of A i R

Mechanical Divialon

Fomy BN Muanual of Standards and Recommended Practices

Standard

8-335.78
Adopled as Alternate Standard 1947, Revised 1963, 1978
Advanced 1o Btandard 1964, Corrected 1385, 1870, 1977
1958)

32014,

SPRINGS TO CON-
FORM TO ALLOY
STEEL LETING IN
A.A. R SPECIFI-
CATIONS M-114q

DEFLICTION-FREE 10 SOUID = 33,*
BOLID CAPACITY = 8244 LOE.
LEFT HAND WINDING
ENDS TAPERLD AND SQUARLD
LOAD PER Ku* DEFLECTION =

1401 Lon

INCHES HIGH: IFRQ. DA,

PRINCIPLES COURSE * JUNE 6, 20117

Spring Marking-Db (Adopted,
1

LATEST REVISION,

FREIGHT CAR D5 TRUCK SPRINGS
TOTAL TRAVEL 3-11/16 INCHES

DLFLECTION-FALE YO 30LID = 354°
SOLID CAPACITY = 4204 Li
RIGHT HAND WINDING
ENDS TAPERLD AND SQUARED
LOAD FTR W,* DEFLECTION =

701 Ley

“THE MUIGHT TOLZAANCE WAY NE CONVIRTED 10 A FLUS OR
MINUE LOAD TOLERANCE BASED ON THE NOMINAL SFRING AATE

HOTE — 17 IS AECOMMENDED THAT CARS LQUIFPLD WITH TRUCKS
HAVING THES( LONG TRAVEL SPAINGS BE STENCILID AY FOL
LOWS ON LACH END OF CAR wifM FIGUREY AND LITTERS 2

Railway Consulting
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Spring Groupings F

35S HEIGHT CAR TBOX 665977 ‘

NW =
ri1A Ay

U' s B 1 52
SPRG.7 D4 06 | D4 \C

he—d
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Count Springs; Verify Type; Verify Inner and Outer Springs; Check Free Height

e —d

'/ PRINCIPLES COURSE * JUNE 6, 2017 WOLF WR|2017
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Spring Groupings II 36

SINGLE SIDE SPRINGS

SPRING TRAVEL -3 3 116" ENT T
FREE HEIGHT °- 116" 0- 4" 30 Li4® [CUTER COIL)
SOLID HEFIGHT [ Il 16" W6
o (g% & % i %
= JOURNALS op s]@)
AAR Designated 00 | 0o
- PELL Sk o3 foeen s lranees o3
Spring Groups A T
SOLID CAPACITY (LOG) 57066 54525 55190
5-1/27 X 107 00 o0 Q0
JOURNALS e]@]e] (o] s ]e) Q00
oo o0 Q0
3 -OUT RS 03 [S-ouTeRs O JS-outies [
§ (e py [swens o [Sieeees s
o w 55 20
SOUD CAMCITY (LIS) 67787 68257 67802
s | SR | §38 | 932
JOURNALS
- RS - =00 % JOUTERS -3
L 19 e-d Pl i o
3 135104 D-a1]

WEIGHT PIR CAR ST
& GAOLFS (LS )
SOLID CAPACTTY (L B5)

6-1/2% X 12°
JOURNALS

WEIGHT PIR CAR ST
L-GRAOLPS (LAS )
SOUID CABRITTY (L BG)
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AAR Freight Car
Bar Outer  Solid Free Scrap
Dia. Dia. Height Height Height
D2-Outer 81/4
D2-Inner 81/4 ,
D3-Outer 11/16 5112 69/16 9116 10,721 8 5/8
D3-Inner 21/32 31/4 69/16 9 1/16 4,299 8 5/8
D4-Outer 1 5112 69/16 95/8 9,128 91/16
D4-Inner 5/8 33/8 69/16 95/8 3433 91/16
D5-Outer 61/64 5112 69/16 101/4 8,266 95/8
D5-Inner 5/8 338 69/16 10 5/16 4,204 9518
| D6-Inner 21/32 37116 6916 9 15/16 4,707 95/16
D6A-Inner 38 2 511/16 9 1536 8 3/8
D7-Outer 15/16 5112 69/16 10 13/16 8,642 10
D7-Inner 5/8 3172 69/16 10 3/4 4,108 10
"‘ C Outer
t ‘ Diameter
L Free J Bar
' Height ' Diameter

WRI 2017
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Right Side

Left Side;
Missing corner inner coils
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Checking Free Height

“B” NEW FREE HT.
“C” SCRAP FREE HT.

WRI 2017

e
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Broken Spring

—

b

WOLF WRI 201/
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s )
w2

Solid Spring —

X »”

AR y

Ll (114 24
i

pagn

Indicates Excessive Rock/Roll

PRINCIPLES COURSE ®* JUNE 6, 2017 WOLF
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Truck Frame | Y L 4Swing Hanger Bushings

Pedestal

Bolster

Side Bearings

Secondary Suspension 4 ’ “ Equalizer
Spring Plank Cerg .
General Passenger“ Swing Hanger

Truck Components %

ﬂm.lﬂl_;;_'z
PRINCIPLES COURSE - vwuwive O; @w i 7 — WRI2017
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LOAD PATH

Spring Plank

Basic GSI 70 Suspension
WOLF

Truck Bolster

Frame

rimary Suspension

Equalizer

Railway Consulting
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-
Equalizer Springs
Primary Suspension [ ¢

Q .

o

. ‘;‘: ". ;’ﬁtﬁ ,-""'-'..‘.-:f N Fe oh) X 1
¥ ;f?ﬁ“f" 3 ) My 5 S - B~ AR B

S R T Sz e NN

- 5, 'hﬁ\?)\ﬁ‘éz iy ‘1 ‘,‘*".‘" % 5 - S 35

e A g
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b' Second‘ary Shspension
¥ Spring Plank

Equalizer S

Primary Suspension OLF

PR'NC'FLES CDURSE * e el 7 W R Wy S s v S
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Air Spring
Secondary Suspension
Between Bolster and

M-3/M-3a Alr Spring
Figurm 1

PRINCIPLES COURSE * JUNE 6, 20117

WRI 2017
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Amfleet Passenger Car Trucks

Primary suspension

PRINCIPLES COURSE ®* JUNE 6, 2017
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Air Spring
Secondary Suspension
Between Bolster and
Frame

Note: vertical damper _

Primary suspension
at each journal

49
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Amtrak Superhner Car

Wagon Union Truck

-

AV -

; ‘:” :'] il Sl VoL gt
ol Bt *, n\ o g v iy L
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Amtrak Superliner Car

[

| o
¥ SRR~
SO -

Primary Suspension %.

.t v
L -y P G
- e -

- __,“'-.__“'
»

Railway Consulting
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Amtrak Superliner Car

o s
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Secondary Suspension [
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Locomotive Suspensions

- | .
. | ; =
» M . ot m &
4 - » 3
II o
g ’
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- - ~ ‘e -
b =
— =«
k‘.
-‘
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Secondary Suspension
= i (NN
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Genesis Trucks

WOLF WRI 2017
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Dampers

* Mostly hydraulic or friction style
used on passenger cars

e Used to absorb lateral and vertical
shocks from track

* Dissipates Energy from spring
suspension

* Restores ride quality

57

Courtesy Koni Company

—
"/ PRINCIPLES COURSE * JUNE 6, 2017 WOLF
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Hydraulic Dampers -
Construction

FIG3. 4. CROSS SECTION VIEW OF HYDRAULIC
SNUBBER (TYPICAL). E-33517,

PRINCIPLES COURSE ®* JUNE 6, 2017

.

WOLF
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| Courtesy Koni Company
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Typical Transit Car Vertical Suspension Showing
Hydraulic Damper in Parallel with Air Spring

PRINCIPLES COURSE * JUNE 6, 20117 WOLF
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Friction Dampers

LINING

BARREL SPRING

i

SHOE

WEDGE BOLT

-
"/ PRINCIPLES COURSE * JUNE 6, 2017

FREE WEDGE RING

Courtesy Vibratech Company

WOLF WRI 2017
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Dampers - Inspection Items
|

WORN BUSHINGS BODY DAMAGE LOOSE DUST SHIELD
Will make shock sbearbere Large dants in the shack ab- Wil cause noise and may
noisy and raduce thair s0rber wi)) cousa the unir turther demage the unit.
effectivenass, ta deteriorate.

LEAKING FLUID
Will maka chock absorber
losa ettectivenass

PRINCIPLES COURSE * JUNE 6, 20117
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Lateral Suspension

PRINCIPLES COURSE ®* JUNE 6, 2017
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Lateral Suspension

* 3-Piece trucks have relatively poor lateral suspension
characteristics, relying primarily on shear stiffness of
load springs and friction damping due to wedge
motion

* Passenger/locomotive trucks have improved lateral
suspension relying on both swing motion of the
bolsters, shear of the secondary springs, and bump
stops. In addition, lateral shock dampers are used.

PRINCIPLES COURSE ®* JUNE 6, 2017 WOLF WRI2017
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Lateral Bump Stops

PRINCIPLES COURSE ®* JUNE &,

".-‘ e
==
T

e

—

i .

Bolster & Lateral

Bump Stops
¥= 1" Nominal Bolster Stop to Body
clearance; +1/4”, -0” tolerance

. —
\
-
i |
\
| x
\ !
j :,q‘_ 2 o
.

\7
O \ 'C"Av

W W W N

Railway Consulting
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Lateral Damper " - Air Spring

Side Bearing

Lateral Secondary Suspension Elements of Typical Transit Car

Showing Damper and Air Spring.

65
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Yaw/Warp Suspension

66

WRI 2017



—

Yaw/Warp Suspension

Warp Stiffness
Sideframe to Bolster

PRINCIPLES COURSE ®* JUNE 6, 2017
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Yaw/Warp Suspension

Warp/Yaw Stiffness
Wheelset to Sideframe

PRINCIPLES COURSE ®* JUNE 6, 2017
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Yaw/Warp Suspension

* Yaw/Warp Stiffness influences two primary responses
— Hunting (high speed stability)
— Truck Warp (Curving)

* Freight Cars depend on the friction wedge system for
warp stiffness

e Passenger cars are normally rigid frame possessing high
warp stiffness, but typically possess lower yaw stiffness

PRINCIPLES COURSE ®* JUNE 6, 2017 WOLF WRI2017
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R et i )
I_‘J-

—

Quter
Side Frame
irection

90 Degrees
Truck Hunting ot

Angle

Lateral Insta bility fffff == me

<

Friction Side
Side Frame Wedge Spring Frame
Column  Friction Truck Bolster

W
Wedges Help to @Eﬁ’(a
Keep Truck Square

PRINCIPLES COURSE * JUNE &6, 2017

 WRI2017
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Hunting Oscillation of a Tapered (Conical) Wheelset

71
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Truck Hunting

72
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Truck Hunting e
Truck Stable Bolster Sideframe
Remains Square Out of Square

Friction wedges Friction wedges worn
provide squaring force providing no squaring force

PRINCIPLES COURSE * JUNE 6, 2017 WOLF WR| 2017
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Hunting Speed Response

Hunting Severity

Critical Speed for
Hunting Prone Cars
BH, ET, EF, EG

g ;';

Lateral
G’s

Speed MPH

&

Critical Speed for
Most Cars

10 20 30 40 50
PRINCIPLES COURSE * JUNE 6, 2017
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Truck Warp Restraint
Nominal Curying

- /

Ideally, a truck should
remain “Square” during
curving to allow radial
alignment of wheelsets
with curve

PRINCIPLES COURSE ®* JUNE 6, 2017
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Nominally Curving Truck

77
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Warped Curving

PRINCIPLES COURSE *

Warped Truck

JUNE 6, 2017

Railway Consulting
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Warped Truck

PRINCIPLES COURSE *

JUNE 6, 2017

WOLF
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Barber Frame Brace Truck

Frame Bracing
increases the
warp stiffness
of the truck

improving B g SRR, >~

both high
speed stability
and curving.

-
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